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RESEARCH MEMORANDUM

EFFECTS OF SIZE OF EXTERNAL STORES ON THE AERODYNAMIC
CHARACTERISTICSlOF AN UNSWEPT AND A h5° SWEPTBACK
WING OF ASPECT RATIO 4 AND A 60° DELTA
WING AT MACH NUMBERS OF 1.41,

1.62, AND 1.96

. ' By Carl R. Jacobsen
SUMMARY

An investigation has been made in the Langley 9- by l12-inch super-
sonic blowdown tunnel to determine the effects of varying the size of
external stores on the 1ift, dreg, and pitching-moment characteristics
of three wings; an unswept and a 45° sweptback wing having aspect
ratios of 4 and taper ratios of 0.6, and a 60° delts wing at Mach num-
bers of 1.41, 1.62, and 1.96. The size of a Douglas Alrcraft Company,
Inc. store having a fineness ratio of 8.58 was systematically varled at
the 80-percent-semispan station of the unswept and sweptback wings and

_at the 60-percent-semispan station of the delta wing. Several of the

stores were also tested at other locations on the outer 60 percent of
each of the wing semispans in order to obtain data complimentary to

data obtained 1n previocus tests. The Reynolds numbers of the investi-
getion based on the wing mean gerodynamic chords ranged from 1.1 X 10

to 2.8 x 10°.
INTRODUCTTON

External stores have been used to advantage In carrying fuel and
ordnance on aircraft and a falrly large amount of information is avail-
able concerning their influence on wing aerodynamic characteristics at
subsonic and transonic speeds (for example, see refs. 1 to 8). It is
desirseble to know whether gtores can still be used advantageously at
supersonic speeds, but little information is awvailable since the few
experimental investigations to date (refs. 9 to 11) have been quite
limited in scope. Conseguently, in order to obtaeln comprehensive
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experimental information at supersonic speeds, an exploratory program
has been initiated in the Langley 9~ by l2-inch supersonic blowdown tun-
nel to study the effects of stores on the serodynamic characteristics of
several wing configurations. The investigations of the effects of loca-
tion of one size store on the aerodynamic characteristics of an unswept,
a 60° delta, and a 45° sweptback wing were reported in references 12,
13, and 14, respectively.

This paper contalns date obtained for the same three wings with
five different external stores ranging in size from about a 200-pound
bomb to a large jet englne nacelle (based on assumed wing areass of 500,
600, and T50 square feet for an unswept, a 45° sweptback, and a 60° delta
wing, respectively.) The stores had fineness reatios of 8.58 and a
Douglas Aircraft Company, Inc. store shape. The store size was system-~
atically veried at the 80-percent-semispan station of the unswept and
sweptback wing and at the 60-percent-semispan station of the delta wing
at Mach numbers of 1.41, 1.62, and 1.96 and at wing lift coefficlents
up to 0.80. A limited number of stores were also tested at other loca-
tions on the outer 60 percent of the wing semispans in order to obtain
date complimentary to dats contained in references 12 to 14. The Rey-
nolds numbers of the investégation based on the wing mean serodynamic
chords ranged from 1.1 x 100 to 2.8 x 100. The data are presented with-
out analysis to expedlite publiecation.

CCEFFICIENTS AND SYMBOLS

Cr, 1ift coefficient, Lift/qs

Cp drag coefflcient, Drag/qS

C,y pltching-moment coefficient, ritching mom:g; about 0.25¢

de/dCL rate of change of pitching-moment coefficlent with 1ift
coefficient

AC, increment in wing piltching-moment coefficient caused by
addition of external store

ACq increment in drag coefficient due to addition of external
store

a free-stream dynamlc pressure

S gemispen wing area
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wing or strut éhord

wing mean aerodynsmic chord

wing span, twice distance from wing-root chord to wing tip
ratio of wing-tip chord to wing-root chord

aspect ratio, b2/2S

sweepback of wing quarter-chord lire

sweepback of wing lesding edge

strut thickness

store diameter

store length

ratio of store length to basic store length (gross- design
volume of basic store approximately equal to 41k gallons
based on assumed wing areas of 500, 600, and 750 sq £t
for unswept, 45° sweptback, and 60° delta wing, respec-
tively).

chordwise distance from line perpendicular to T at
quarter-chord station to store 0.41 point

spanwise dlstance from wing-root chord to store center line

vertical distance from point of maximim thickness on wing
lower surface to store center line

angle of attack

increment in wing angle of attack due to addition of
external store

Reynelds nunber baged on ¢

MODETLS

The principal dimensions of the three semlspan models used In this
investigation are contained in references 12 to 1%. The sections taken

parallel to the alr stream were for the unswept, the 45° sweptback, and
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60° delta wing, NACA 65A004, 65A006, and 65A003 sirfoil sections, respec-
tively. The three solid wings were fabricated from SAE 4130 heat-treated
steel.

External stores of varlous size having a Douglas Aircraft Company,
Inc. (DAC) store shape of fineness ratio 8.58 were tested on the outer
60 percent of the three wing semispans. The locations at which each
store was tested are fully described in figure 1. The center lines of
all stores were within 1° of being parallel to the body axis. All the
stores were molded of plastic with the exception of the largest store,

i;—l——-= 2.00, which was fabricsted from saluminum. The store designated
agic

as baslc 1s that store which was tested 1n the investigations of store
location of references 12 to 1k and which was designed to have a gross
volume of 41l gellons beased on assumed wing areas of 500, 600,

and T50 square feet for an unswept, a 45° sweptback, and a 60° delta
wing, respectively (fig. 2). The volume of the store varies as the cube
of the store diameter end 1s approximstely equal to ka3, Figure 3 con-
talns photographs of the five different stores that were tested.

Brass struts which were pinned and sweated to the wing lower sur-
face were used to attach the stores to the wings. The struts had
NACA 65A sirfoil sections. The thickness ratios and chords of the var-
ious struts which were exposed to the alr stream are glven 1n the fol-
fowing table:

Wing
t Unswept Swept 45° Delta

tbasic

Strut Strut Strut Strut Strut Strut

c t/e c t/c c t/c

0.25 | cemm——- -——- 0.235¢ 10.0 | =—==e==- -———
0.50 0.51kée 5.6 —————— ——— 0.122¢ 10.0
1.00 0.51kg 5.0 | ace-e- cmme | mmm—— ————
1.26 ———— -— 0.4698 10.0 0.366¢ 5.5

For the unswept wing, a 60° sweptforward strut with its leading edge

intersecting the wing quarter-chord line was used to position the basic

store at

L = 0.80 and
b/2
obtained with the basic unswept strut of reference 12.

z
d

the 25-percent-length store.

— = 1.50 to obtain data comparable to that

(See fig. 1.)
For the 45° sweptback wing, fabrication difficulties made it necessary
to use a strut sweptforward 45° from the wing leading edge to position
The leading edge of the strut attaching
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the 50-percent-length store to the delta wing was located 0.217 from the
store nose. The leading edge of the other exposed struts, which were
unswept, colncided with the wing leading edge.

TUNNEL

The Langley 9- by l2-inch supersonic blowdown tunnel in which the
present tests were made utilizes the compressed alr of the Langley
19-foot pressure tunnel. The air enters at an gbsolute pressure of
about zl-atmospheres, is conditioned to insure condensation-free flow

by being passed through a silica-gel dryer and then through banks of
finned electrical heaters. The criteria for the amount of drying and
hesting required were cbtaired from reference 15. Extensive calibration
measurenents had been made previously wilith no model in the test section
and a summary of these measurements is contalned in reference 16. These
measurements are also briefly summsrized in the following table:

Average Mach number '
- 1.41 1.62 1.96
Variables

Maximum deviation in Mach number +0.02 | £0.01 | £0.02

Maximum deviation of ratio .of static 2.0 1.3 2.2
to stagnation pressure, percent

Maximum deviation in stream angle, deg | +0.25 | £0.20 | £0.20

The average dynamic pressure and Reynolds numbers for the present inves-
tigetion are given in taeble I. The test Reynolds number decreased about
3 to 4 percent during the course of each run because of the decreasing
pressure of the inlet air. :

TEST TECHNIQUE

The semispan wing models used In this investlgation were cantile-
vered from a strain-gage balance which mounts flush with the tunnel wall
and rotates with the model through the engle-of-attack range. A test
body was attached to each of the wings and loads were measured on the
wing-body combinations. The test body consigted of s half body of
revolution and a 0.25-inch shim which was used to raise the half body
of revolution off the tunnel wall and thus minimize the effects of the
tunnel-wall boundary layer on the flow over its surface (ref. 17). A
gap of about 0.010 inch was malntained. between the test body and the
tunnel wall under a no-load condition. There was some Indication that
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at a Mach number of 1.41 the data of the present investigation might
have been influenced by the reflection of the model bow wave from the
tunnel wall at an angle of attack of 12°.

ACCURACY OF DATA

From e general consideration of the balance celibration accuracy
and the repeatability of data, the accuracy of the force and moment
measurements, in terms of coefficlents, are believed to be about as
follows:

T T T +0.005
Cp + = o = s+ s e s s et e e i e i e e e e e To001
Cp v o = = - . . s e e s e e e . . . +0.002

For 1ift coefficients gbove 0.60, errors in drag coefficient in excess
of *0.001 could well exist. The angle-of-attack values are belleved to
be accurate within *0.05°.

RESULTS

Lift, pitching moment, asnd drag data are presented herein without
enalysis for the wing-body combination and for the wing-body-store com-
binations. The aerodynamic charascteristics of the body alone are con-
tained in references 12, 13, and 14 for the unswept, the 60° delta, and
the 45° sweptback wing, respectively. TFigures 4 to 21 present the varia-
tlons.of 1lift coefficient with angle of attack and pitching-moment coef-
ficient and drag coefflclent with 1lift coefficient for the wing-body-
store combinations at Mach mmbers of 1.41, 1.62, and 1.96. Because the
test body was an arbitrary configuration, the force and moment data,
which are gross measurements, would not have any direct application to a
particular wing-body-combination. It 1s believed, however, that the use
of a different test body would not appreciably affect the qualitative
results. From these data, values of de/dCL and increments of pltching-

moment goefficient and angle_pf attack at various 1lift coefficients
(CL = 0, 0.20, and O.ho) due to the =addition of the store have been

obtained and are presented in figures 22 to 24 as functions of store
size. Similar summary plots showlng the effects of store size on the
drag increments caused by the addition of the stores to the wings are
presented in figure 25. The data of figures 22 to 25, although plotted
against store size, show some effects of store location since the var-
ious size stores were not all tested at the same chordwise location on
the 45° swept apd the 60° delta wing and since the values of z/d for
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the largest stares (—LJL—— = 2.0) were slightly less than fér the other

basic
stores. Data for the basic stores were obtalned from references 12

to 1k.

Langley Aeronautical Leboratory,
National Advisory Committee for Aeronsutics,
Langley Field, Va.
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REYNOLDS NUMBERS AND AVERAGE DYRNAMIC PRESSURES

Wing model Unswept gwept 450 60° Delta
Average Mach
number
1.4 1.62 1.96 1.4 1.62 1.9 1.m 1.62 1.9
Yariablee
Average dynamlc pres- 12.0 1.4 10.2 11.9 11.% 10.6 12.0 11.4 10.4
sure, 1b/sq in. :
1.4 x 106} 1.2 x 266| 1.1 x 106} 1.5 x 108} 1.k x 105 1.3 x 165 2.8 x 108] 2.6 x 106] 2.4 x 106

Average Reynolds
morber
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Figure 1l.- Locatlons at which varlous size Douglas Aircraft Company, Inc.
stores were tested on three wing configurations.
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-3 ta tionv—‘
— G - T
radius— < __/

DAC store

Fineness ratio = 8.58

(Ratio of volume to diesmster cubed (—;—%z h)

DAC Store
Coordinates

gtatlon | radius

o 0
0.0’%6 0.036
.188

.080
299 | 116
.h%l -1 8
.519 .
.630 .1@6
.752 .188
2966 «211

1.18 227

1.40 233

5'%ﬁ3 .120
3.647 .088
3.910 | .08
3990 0

T.E.R.| .022

Figure 2.- Detalls of Douglas Aircraft Company, Inc. h1h-gallon-size
external store. All dimensions are in inches.



NACA RM L52K20=a - 13

= 0.50

i
*basic

Figure 3.- Photographs of the Douglas Aircraft Company, Inc. stores
mounted on the 45° swept wing. L-77037
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Figure L.~ Aerodynamic characteristics of the unswept semispen wing with
DAC stores of various size at one spanwise and chordwise location.

M=1.41; Ra1.bx 106; 3 -0.80; X= 0.
b/2 c

1T

B02NZST W VOVN



1.0

3 L S P
tb“h a l‘Imui.:: d

0 = stors off
0 e 0!25 0.5O a * 1-26 0.50
0w 237 0,30 "l 2. o6

NEE NN RE A

N . _— 1 o

L T bt ] L T

‘ F ot

T

¥

¥ 7 )
if I - _ T T T T 7T
: 7 . | :
‘ \ M i - ] .
b T
S S B . .

NANER U:
L <t | [
LT T

0 02 04 .06 .08 10 .12 .14 .6 .18

0000 .02 04 .06 08 1O 12 .4

7
(b) Cp ageinst Cp.

Figure 4.- Concluded.

16

18 .29 .22 .24

BOZAZST W VOVN



.4 0 4 8 12 ' g 0 T4

coo0o0o 4 8 (2 0 00 0 < £
- x deg : : Cm

() Cp againet a end Cp.

Flgure 5.- Aerodynasmic characteristics of the unswept semlspan wing with
DAC stores of various size at severasl spanwise locetions and with one
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<o
C

9T

B|OZIZST WH VOVN



I E %
bnanic ‘555 a 0.80 .00
O . store off 0.80 1.50
10 ; -.— 0.50 040 0.50
8 -
6
4
2
CL
0 -
N PRENNE AR .
I ‘\UJ I 1 i [T 711 y .
-4 [ : 11 11 Ll
0 .02 .04 .06 .08 .10 2 /4 .16 .8 20 22 .24
0000 .02 .04 .06 .08 0 .12 .14 .16 .I8 .20

p
(v) Cp, against Cp.

Figure 5.- Concluded.

qdg

BOZHM2ST WY VOVH

LT



F
"I-nl- I 1 r'._
0 mw=— atore off Thasta d
0 e 0323 0% 4 opliiinee 1.26 0.%

{a) CL ageinst o and Cm.

Figure 6,- Aerodynamic charecteristics of the unswept semispen wing with
DAC stores of various size at one spanwlse end chordwise location,

M= 1.62; R~ 1.2 x 10%; L = 0.80; £ = 0.
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(a) C; against o and Cy.

Figure 7.~ Aerodynsmlc characterlstics of the unswept semispan wing with
DAC stores of various size at several spanwlse locations and with one

store mounted on a swept set-back strut., M = 1,62; Rz 1.2 X 106;
X =0,
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Figure 8.- Aerodynamic characteristics of the unswept semispan wing with
DAC stores of verious slize at one gpenwise and chordwlse location.

M=1.96; Ra 1.1 x 100; L = 0.80; £ = 0.
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Figure 9.- Aerodynamic characteristice of the unswept semispan wing with
DAC stores of various size at several spanwise locetions and with one

store mounted on a swept set-back strut.
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Figure 13.- Aerodynamic characterilstics of the 60° delta wing with
DAC size DAC store at several spamwlse, chordwise, and vertical

locations, M = 1.62; R~ 2.6 X 106,' i - 0.50,
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